Objective -Comparative analysis of the in-hospital results after primary implantation of stents or coronary balloon angioplasty in patients with acute myocardial infarction (MI).
Primary coronary angioplasty is one of the preferred methods of myocardial reperfusion performed without previous use of thrombolytic agents for the treatment of acute myocardial infarction [1] [2] [3] [4] [5] . It provides high levels of immediate arterial permeability with TIMI 3 optimal coronary flow 6 . When available, it is comprehensive and offers a significant reduction in the occurrence of major immediate events, such as reinfarction, stroke, and death 3, 5 .
Results of randomized studies 7, 8 , registries 9 , and consecutive series 10 , however, with the application of primary coronary angioplasty in acute myocardial infarction showed loss of immediate and late results in some subgroups of patients. In the in-hospital phase, the number of recurrent ischemias and reinfarctions was higher when suboptimal results were present (residual stenosis >30% and significant coronary dissection); at 6 months, restenosis and reocclusion of the vessel initially treated were as high as 45% and, in 25% of the cases, new myocardial revascularization procedures were performed , 9, 10 . Coronary stent implantation in acute myocardial infarction is a recent therapeutical option aiming to optimize immediate and late results [11] [12] [13] [14] [15] [16] [17] , based on evidence observed in elective patients 18, 19 . Our aim was to assess the in-hospital results of two techniques of percutaneous coronary revascularization in the acute phase of myocardial infarction: primary coronary stent implantation and conventional primary coronary balloon angioplasty. These two techniques are part of the national registry of procedures, CENIC (National Center of Cardiovascular Interventions), which belongs to the Sociedade Brasileira de Hemodinâmica e Cardiologia Intervencionista -SBHCI (Brazilian Society of Hemodynamics and Intervention Cardiology) 20 .
Methods
From 1996 to 1998, CENIC spontaneously received from its 153 associates the reports on 34,119 consecutive procedures of percutaneous coronary revascularization. These reports consisted of a standardized form of data collection providing clinical and angiographic profiles, as well as the description of the procedure performed, showing the early results and the occurrence of major complications in the in-hospital phase.
We analyzed the forms of angioplasty in the first 24 hours of an acute myocardial infarction without previous use of thrombolytic agents.
The patients were treated according to the specific routines of the several invasive cardiology services and the coronary stent implantation was performed according to the indication of the interventional cardiologist.
The data collection form showed that more than 90% of the patients received oral aspirin, ticlopidine, and intravenous heparin when stents were implanted. Abciximab was used in less than 5% of the patients.
All stent implantations were optimized with insufflations higher than 10 atm. Quantification of ventricular function and of coronary stenoses was visual. The immediate success of the procedure (residual coronary stenosis < 50% and TIMI 2 or 3 coronary flow), occurrence of major complications, such as reinfarction, new coronary angioplasty, emergency surgery, and in-hospital deaths were analyzed comparing the two percutaneous forms of treatment.
In the statistical analysis, the continuous variables were assessed through the Student t test or through the analysis of variance when the samples had the same number of data. Categorical variables were analyzed through the chi-square test or Fischer test, when necessary. Kwikstat method was employed for this purpose, with p<0.05 considered statistically significant.
Results
From 1996 to 1998, 3,924 consecutive patients underwent primary angioplasty without previous use of thrombolytic agents in the first 24 hours following an acute myocardial infarction. Out of these 3,924 patients, 1,337 (34%) underwent implantation of coronary stents, either in its primary form or due to suboptimal results of the coronary angioplasty, according to the indication of the interventionist. We observed that in 1996, stents accounted for 20% of the percutaneous procedures in acute myocardial infarction; in 1997 for 34%, and in 1998 for 49% of the total procedures, an increase greater than 100% (p=0.0001). Tables I and II show the clinical and angiographic profiles of patients who underwent stent implantation or primary coronary balloon angioplasty.
Among the patients undergoing primary stent implantation, we observed a higher number male of and patients with previous myocardial revascularization surgery. The mean age was similar, as was the presence of older patients.
The anterior descending artery was treated more frequently and significantly with stents, as were the saphenous vein bypass grafts. In regard to the complexity of the lesions treated in the acute phase of the myocardial infarction, those treated with stents were longer and more frequently located in bifurcations. Patients treated only with coronary angioplasty had lesions with more thrombi; the number of individuals with multivessel disease and the severity of coronary stenosis prior to the procedure, however, were similar. Table III shows the immediate results and the occurrence of major complications. The success of the procedure was significantly greater when the patients received stents (97% vs 84%, p=0.001). Stents reduced the incidence of reinfarction (2.5% vs 4%, p=0.002) and of global in-hospital mortality (3.4% vs 7.2%, p=0.0001) more than 50%. The necessity for new emergency revascularization procedures, either new coronary angioplasty or surgery, were similar for both techniques (1% vs 1.1%, p=0.5). The greatest benefit regarding reduction in mortality was observed when this event was analyzed taking into consideration the Killip class on hospital admission (table IV) . Patients referred for stenting had a lower incidence of Killip III/IV class on hospital admission as compared with the group treated with coronary angioplasty (9.5% vs 14.6%, p=0.0001). However, the greatest benefit with regard to reduction in immediate mortality was obtained only in the treatment of the Killip III/IV class patients (19.5% vs 32.5%, p=0.02). Patients in Killip I/II class showed similar in-hospital mortality, either treated with stenting or only with primary coronary balloon angioplasty (1.7% vs 2.8%, p=0.9).
Discussion
Primary angioplasty performed within the first hours after an acute myocardial infarction is a well-known therapeutical method of coronary reperfusion applied with an increasing frequency in invasive cardiology centers [1] [2] [3] [4] [5] [6] . Since its introduction, coronary angioplasty has been tested and its efficacy and safety have been proved from the first consecutive series until multicenter randomized and controlled studies were carried out [1] [2] [3] [4] [5] [6] . In the direct comparison with the best thrombolytic regimen available, which is r-TPA intravenously administered for 90 minutes, primary coronary angioplasty showed advantages in reducing major events 3 . In a metaanalysis by Weaver et al 5 of 2,606 patients analyzed, primary coronary angioplasty showed reduction in immediate mortality (more than 21 lives saved in 1,000 patients treated with coronary angioplasty vs r-TPA) and also in the combined occurrence of reinfarction and death (more than 46 lives saved without reinfarction in 1,000 patients treated). The incidence of hemorrhagic strokes was also much lower in those patients who underwent mechanical reperfusion (0.1% vs 1.1%, respectively, p=0.001) 5 . The method, however, aims to optimize its results. The incidence of recurrent in-hospital ischemia after primary coronary angioplasty varies from 10% to 15%, and, by 6 months, restenosis and reocclusion cause repetition of the angioplasty or surgical indication in as many as 35% of the patients [7] [8] [9] [10] . Stent implantation after acute myocardial infarction is a topic that generates increasing interest with the appearance of a number of comparative randomized studies on primary coronary balloon angioplasty. These studies aim to assess the immediate safety of the method and its late efficacy [11] [12] [13] [14] [15] [16] [17] .
The CENIC registry comprises patients consecutively treated in several invasive cardiology centers in Brazil by different invasive cardiologists. This comparative analysis is not randomized and consists of a selection based on the cardiologist's indication, either based on an initial bad outcome of the primary coronary angioplasty (residual lesion >30% or significant dissections) or even on primary indications aiming at better late results for the patient. The analysis of the results in this large sample of patients always draws attention as it represents the daily practice of interventional laboratories, different from the reality of planned randomized studies. Results of the data sent to the CENIC data processing center were assessed for all patients without any specific exclusion.
In this consecutive series of patients with data collected from 1996 to 1998, we observed that the use of primary coronary angioplasty in acute myocardial infarction regularly accounted for 11% to 13% of the total coronary procedures reported to CENIC 20 . So, in 3,924 patients we could detect the significant exponential growth of stent implantation in acute myocardial infarction, which accounted for 20% of the procedures in 1996 and increased to 49% in 1998. This significant change is related to the daily evidence of good results obtained with stenting and the progressive publication of the randomized series [11] [12] [13] [14] [15] [16] [17] , therefore justifying the increased use of stents.
The data collection form sent to CENIC provides only the information related to the in-hospital phase but no information on the late follow-up. Analysis of the immediate inhospital results showed that stents were more frequently used than coronary balloon angioplasty in male patients with a previous infarction related to the anterior descending artery, the saphenous vein bypass grafts, and segmentary lesions. These results show the tendency of Brazilian cardiologists to favor the use of stents in the clinical and angiographic subgroups with the worst late outcomes when coronary balloon angioplasty is applied; elective randomized studies 18, 19 corroborate these results. Stenting had a higher success rate, but no significant difference was observed in regard to new emergency procedures, which had an incidence of 1%. These values are lower than those of other series 7 , showing the low occurrence of in-hospital recurrent ischemia in our services, perhaps reflecting careful and optimized selection and results.
Reinfarction and global mortality were 50% lower with stenting. We demonstrated, however, that the greatest benefit in reducing death occurred in high-risk patients. Mortality for patients admitted to the hospital in Killip I/II class was very similar for both treatments (coronary angioplasty = 2.8% vs stenting = 1.7%, p = NS). In the group of patients in Killip III/IV class, 15% of this series, mortality was reduced by 40% with stenting (coronary angioplasty = 32.5% vs stenting = 19.5%, p = 0.02).
Some observations of the CENIC registry reproduced the findings of several randomized studies [11] [12] [13] [14] [15] [16] [17] . Since 1996, 5 multicenter studies have been conducted that randomized approximately 1,400 patients for stenting or balloon use in studies showed similar conclusions. The in-hospital results of these studies showed no significant differences in regard to reduction in the occurrence of major events (reinfarction, stroke and death) and in regard to the success of the procedure. Success of coronary angioplasty was higher because of the possibility of stent implantation in the event of a poor initial outcome. This crossover between treatments was approximately 20% [13] [14] [15] [16] . The immediate mortality rates reported in these studies were in accordance with those observed in our registry. In randomized studies [11] [12] [13] [14] [15] [16] [17] , only the patients in Killip I/II class were included; this subgroup of patients did not show significant benefits in reducing mortality, which was also observed in the CENIC report. The mean immediate mortality of the randomized studies was 3% [11] [12] [13] [14] [15] [16] [17] , very similar to our findings. Reduction in coronary restenosis (stenting = 22% vs coronary angioplasty = 35%, p = 0.001), as well as the lower need for new coronary revascularization procedures at the end of 6 months (stenting = 7.5% vs coronary angioplasty = 17%, p = 0.001), was very well established with the presentation of the results of the randomized STENT PAMI study, which has the most expressive randomization of patients (900) among all studies cited [11] [12] [13] [14] [15] [16] . In conclusion, the comparative analysis of the immediate results of coronary stenting in acute myocardial infarction or the use of primary coronary balloon angioplasty, based on consecutive registries of patients by CENIC, from 1996 to 1998, showed that stenting provides higher success rates, lower residual stenosis, and reduction in reinfarction and in in-hospital death. Patients selected for coronary balloon angioplasty were, more frequently, females with infarctions of inferior localization who, on hospital admission, were in a higher Killip class. However, the highest benefit with stenting was established in the high-risk subgroups, the mortality rate was reduced in Killip III/IV class patients, treatment of infarctions related to the anterior descending artery and of segmentary obstructive coronary lesions (>10mm).
